Background: In 2007, Israel passed a law to extend existing restrictions on smoking in public places and to strengthen enforcement. Responsibility for ensuring smoke-free indoor public places was placed on establishment owners. Bars and pubs were included in the law for the first time. This study aimed to assess changes in air quality in popular Israeli bars, pubs and cafes after the implementation of law, and to examine changes in patron numbers, percentage of smoking patrons and venueseating sections. Methods: Air quality was determined by measuring respirable suspended particles (PM 2.5 mg -3 ) in 33 randomly selected venues in Jerusalem and Tel Aviv, including bars, pubs and cafes, before and after law implementation. Numbers of patrons and smoking patrons were recorded. Results: Average respirable small particles (RSP) level was 245 mg -3 prior to implementation and 161 mg -3 following implementation of the law, representing a decline of 34% (P = 0.0043). RSP levels decreased in bars and pubs and in cafes. Percentage of smoking patrons declined from 19% to 9% (P = 0.0036). The magnitude of the effect decreased over time (P = 0.0039). Non-smoking establishments were more common following the legislation (P = 0.0047). Conclusion: Indoor air pollution from secondhand smoke in Israeli bars, pubs and cafes in Jerusalem and Tel Aviv declined following the implementation of law. This demonstrates that a law to extend existing restrictions and enforcement policies may help protect workers and patrons from tobacco smoke. However, RSP levels in Israeli bars and pubs, especially in Tel Aviv, remain unacceptably high. Enforced, 100% smoke-free laws are essential for complete protection.
Introduction

S
econd-hand smoke (SHS), a mixture of side stream smoke emitted by lit cigarettes and mainstream smoke exhaled by smokers, 1 causes serious disease and shortens life among nonsmoking children and adults. 2 Estimated to be the third leading preventable cause of death, 3 SHS is responsible for an increased risk of lung cancer and coronary heart disease, and has immediate adverse effects on the cardiovascular system. 1 Motivated by the growing scientific evidence of the harmful effects of SHS, governments around the world have legislated that indoor public areas be smoke free. 4 The immediate health benefits of these laws were observed among workers over a decade ago; 5 more recently, population-wide health benefits including reductions in myocardial infarctions in the general population have been observed. [6] [7] [8] [9] [10] In 1983, Israel passed landmark smoking restriction legislation in an attempt to protect citizens from SHS in indoor public places. 11 That law successfully put an end to the smoking that was common on public transit and in movie houses. Amendments to the law in subsequent years extended the restrictions to additional indoor public places, with specific mention of workplaces, hospitals, schools, cafes and restaurants. However, these laws were not comprehensive, as they allowed for indoor smoking areas, were only partially implemented, and were usually not enforced. Bars and pubs were not explicitly mentioned in the law and so were considered exempt from the restrictions. In 2007, our study of levels of indoor air pollution in these venues due to cigarette smoke in bars, pubs and cafes in Israel, showed that Israeli levels of indoor pollution were similar to levels in countries without legislation or enforcement of smoke-free laws. 12 In August 2007, the Knesset (Israeli parliament) passed innovative legislation aimed at promoting enforcement of existing laws restricting smoking in public places. 13 Bars and pubs were explicitly included in the legislation for the first time. The legislation tripled existing fines for individuals caught smoking in public places governed by smoke-free laws, put the onus for enforcement on establishment owners and managers, and set a hefty fine for those establishment owners and managers who did not enforce the law. The fine on individuals amounted to 13% of average gross monthly income for salaried individuals, whereas the fine on establishment owners was 64% of the average gross monthly income.
responsibilities. The information was also circulated by various business associations. Passage of the law was covered in the local media and engendered a vigorous public discussion.
This research evaluates the change in indoor air pollution in bars, pubs and cafes, which occurred following implementation of the enforcement law, as well as changes in the number of patrons and percent of patrons smoking in those venues. Further, it compares indoor air pollution levels in bars, pubs and cafes with exposure levels in the US Federal Air Quality Index (AQI) in order to determine health risks to staff and patrons of Israeli bars, pubs and cafes.
Methods
Measurement of SHS
SHS is measured in various ways in the environment and in individuals. 1 Atmospheric markers such as respirable suspended particles (RSPs) are often used. RSPs are released in large quantities by burning cigarettes and pose health risks because they are inhaled into the lungs. High-RSP levels are primarily attributable to tobacco smoke in hospitality venues. 16 In this study, a specialized air quality monitor (TSI Sidepack AM510) was used to measure levels of RSPs in the air. The methodology is similar to that used in studies of SHS around the world.
17,18
Sampling of venues
In our previously reported study of SHS in bars, pubs and cafes, we sampled popular venues in Jerusalem and Tel Aviv, two of Israel's three largest cities. Lists of venues were obtained from the Internet and local press. 12 The full list of possible venues for each city (Jerusalem, Tel Aviv) and venue type (bar/pub, cafe) was entered into the computer, and a random number generator assigned a random number to each venue. For each city and venue type combination (Jerusalem bar/pub, Tel Aviv bar/pub, Jerusalem café, Tel Aviv café), the venues were ordered according to the rank of the assigned random number. Those with the highest values were chosen for inclusion in the study.
Data collection
Between January and July 2007, prior to the passage of the enforcement law (August 2007), we measured RSP levels in 34 bars, pubs and cafes in Tel Aviv and Jerusalem. We returned to the same venues for repeat measurements in the spring and summer of 2008 (between May and September). One establishment had gone out of business. The final sample consisted of 33 establishments.
Trained observers unobtrusively visited venues at busy hours to collect information on air quality, seating policy, room size, number of patrons and number of burning cigarettes. Air quality was measured for 30 min inside each venue.
Venue policy on smoking and non-smoking sections was gleaned from signs and discussions with waiters. In some establishments, smoking was permitted in the entire venue, in others only in specified sections and in yet others it was prohibited altogether. In some places, certain areas, sometimes of the same room, were designated as being smoking or nonsmoking. In other establishments, separate rooms were available to smokers and non-smokers. In establishments with indoor smoking and non-smoking sections, observers performed separate observations in each section in establishments. Outdoor areas were excluded from the study.
Numbers of patrons and numbers of burning cigarettes were measured at three time points: at entry of the observer, after $15 min and after $30 min.
Response variables
The primary response variable was RSP level. The primary question was whether the 2007 (pre-law) and 2008 (postlaw) readings differed. Additional response variables were: venue-seating section (smoking only, non-smoking only, both), number of patrons and percent of patrons smoking during the observation.
Statistical analyses
Mixed model analysis of variance was used for the analysis of RSP levels. 19, 20 The natural log of RSP was used as the response variable due to the non-normal distribution of RSP values. Changes in the seating patterns of the venues (all smoking, all non-smoking, both smoking and non-smoking) were examined descriptively by looking at 3 Â 3 contingency tables. McNemar's test was used to test for an association between year and presence of a smoking section (completely non-smoking/any smoking.)
We performed an exploratory analysis, which examined the effect of date of visit in each establishment on the observed differences in RSP levels. This unplanned analysis was prompted by anecdotal reports by our observers that smoking, which seemed to have declined directly following implementation of the law, seemed to be increasing as time progressed. In that analysis, date of visit, type of venue and city were regressed against the difference between average values of RSP (all sections, smoking and non-smoking, combined) in each venue. SAS Version 9.1 was used to perform the analysis. PROC MIXED was used to perform the mixed models analyses of variance, PROC GENMOD for Poisson regression and PROC FREQ for McNemar's test. ). The observed decline in RSP levels was statistically significant (LSmeans 2007: 202, 2008: 84, P = 0.0043). We also found that bars and pubs were significantly more polluted than cafes (LSMeans Bars and pubs: 231, Cafes: 74, P = 0.0004). Levels of smokiness differed significantly by month (P = 0.0444), though no particular trends in different seasons or over successive months were observed. Time of observation and city did not significantly affect RSP levels (P = 0.0752, P = 0.9553).
Results
RSP levels before and after implementation of the law
We used ambient air quality categorizations provided by the US Environmental Protection Agency. 21 On average, bars and pubs in both Jerusalem and Tel Aviv were in the 'very 
Changes in numbers of patrons and percent of patrons smoking before and after implementation of the law
Means and standard deviations of number of patrons and percentage of smokers are presented in table 1. On average, numbers of patrons decreased in bars and pubs from 44.1 to 32.9, and in cafes from 13.5 to 11.4. The percent of smokers present declined from 31% to 15% in bars and pubs, and from 10% to 4% in cafes after implementation of the law.
As previously stated, the multivariate model that we used controlled for month of observation and for time of observation, as well as city and venue. Results of the model showed that the number of patrons did not differ significantly between 2007 and 2008 (P = 0.3959). Significantly fewer patrons were present in cafes than in bars and pubs (b = 0.9589, SE = 0.1766, P = 0.0018). There was a trend towards greater numbers of patrons in Jerusalem venues, but this was not significant (P = 0.0684). Neither month nor time significantly affected the number of patrons (P = 0.3161, P = 0.5814, respectively).
Multivariate analysis of percentage of smoking patrons showed that this percentage was lower after passage of the law (LSMeans 2007: 19.2%, 2008: 9.1%, P = 0.0036). Bars and pubs had a significantly greater percentage of patrons who smoked than did cafes (LSMeans: Bars 21.4%, Cafes: 6.8%, P = 0.0021). City, month and time did not significantly affect the percentage of smoking patrons (P = 0.1810, P = 0.4064, P = 0.8444, respectively). 
Changes in smoking and non-smoking sections
Was there a pattern of decreasing magnitude of effect as time progressed?
The size of the observed differences in RSP levels decreased as time progressed (B = -0.007, SE = 0.002, P = 0.0039). The effects were greater in bars and pubs than in cafes (B = 0.272, SE = 0.087 vs. Cafes B = 0, P = 0.0041). The effect of city was borderline significant (P = 0.0680).
Discussion
Indoor air pollution from SHS in Israeli bars, pubs and restaurants in Jerusalem and Tel Aviv declined significantly following the implementation of a law extending existing restrictions of smoking in public places and strengthening existing enforcement provisions.
The overall decline was 34%, and was greatest in Jerusalem bars and pubs, where the baseline levels of smokiness were highest. A change in venue smoking policy was also noted: more establishments were smoke free in 2008 than in 2007. The greatest change occurred in Jerusalem. A significant change in the numbers of patrons was not observed. Percentage of patrons smoking decreased from 2007 to 2008. These results are generalizable to popular bars, pubs and cafes Israel's two biggest cities, Jerusalem and Tel Aviv.
The average post-law RSP levels found in this study considerably exceed the maximum daily RSPs (PM 2.5 mg
À3)
level of 65 recommended by the US Environmental Protection Agency. 21 Of particular concern are the high average levels of RSPs in Tel Aviv bars and pubs, which fall into the US EPA 'very hazardous' category. Nearly half of Tel Aviv bars and pubs (44%) had hazardous, or worse, air quality after implementation of the law. Thus, workers in Tel Aviv bars and pubs continue to face a significant and unacceptable health risk. Patrons, although presumably exposed less often, face real risks as well.
With Jerusalem average levels of RSPs in the 'very unhealthy' category, patrons and workers in Jerusalem bars and pubs are also at risk.
The small RSP observed decrease in Tel Aviv bars and pubs, relative to the much larger RSP decrease in Jerusalem bars and pubs, is of interest. This could be due to differences in enforcement, differences in compliance by proprietors and/or differences in compliance by the public. Though legislation is national, enforcement is local. So, one explanation might be that the local authorities in Tel Aviv are less interested in, or effective at, enforcing the law than are those in Jerusalem. Related to enforcement policies may be the changes made by establishment owners regarding venue-seating policy. These changes, which were more common in Jerusalem bars and pubs, may have contributed to the greater RSP decline observed in Jerusalem bars and pubs.
The effectiveness of smoke-free legislation on air quality has been evaluated using before-and-after study designs in Delaware (2002), 22 23 Reductions found by researchers on various measures, including RSPs, fine and ultrafine particles, nicotine and total inhalable dust, ranged between 70% and 99%. These reductions were larger than was the reduction of 34% found in the present research.
There are several possible explanations for the difference in magnitude that we detected. One explanation is that since this was primarily an enforcement bill and an extension of existing restrictions to bars and pubs, some Israeli venues (particularly cafes, which were covered by previous laws) already had low levels of smokiness compared with bars and pubs, and therefore, expected changes would be more modest. 12 In fact, changes in cafes were more modest, in absolute terms, than in changes in bars and pubs. However, changes in bars and pubs only, which were not previously covered by the law, showed a decrease of 37%, still lower than decreases reported in other countries. Further, average post-law RSP levels in Israel were higher than post-law RSP levels in other countries subsequent to implementation of smoke-free legislation.
A second possible explanation for the difference in magnitude of the effect concerns the length of time between implementation of the law and measurement of the effect of that law. The effects of many interventions dissipate over time. This study was conducted at a later point post-intervention (implementation of the law) than were the evaluations of many, though not all, of the other studies. 22, 23, 26, 27, 29 Our findings from an exploratory analysis of a diminishing effect over time lends support to this hypothesis, and raise concern that public exposure to SHS may be rising. The possibility that effects of legislation decline over time can and should be addressed by ongoing surveillance of air quality in public places after smoke-free legislation, with appropriate changes in policy if the law is ineffective.
The present study has special significance because it is the first to be carried out outside of North America or Western Europe-regions with well-established traditions of adherence to laws governing the use of public spaces. Moreover, it is the first study to assess the impact of legislation on seating sections and thereby provides new insights into the mechanisms through which the laws influence smoking rates and air quality.
Limitations
As with other research on health promoting interventions at the national level, it was not possible to do a randomized or even non-randomized controlled trial to assess the effects of national legislation. A further limitation is that the study is based on only one post-intervention point for each establishment. Ongoing surveillance of smoking related air quality in indoor public places is essential to fully understand the results of the legislation in the context of other social changes.
Our study, like most in the literature, [22] [23] [24] [25] [26] 29 did not conduct post-law evaluations at the same time of year as the pre-law evaluations. If patronizing hospitality venues is affected by the season or time of year, then changes in numbers of patrons which are unrelated to the implementation of a law could lead to lower (or higher) RSP levels. Percentage of patrons smoking, on the other hand, would be less likely to be affected by season or month. In the present study, though the observations were not uniformly conducted at the same time of year, we included the effect of month in the analysis. Controlling for month or time of year should be considered by other researchers. Second-hand smoke levels and legislation the project observers: Dvora Angel, Maya Haran, Yafit Harrari, Yitzchak Rosen and Hoshea Rosenberg.
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Key points
Legislation written to enforce and extend existing smoke-free laws can effectively reduce SHS exposure. While a substantial improvement in indoor air quality followed the implementation of law, some venues, particularly many bars and pubs in Tel Aviv, continue to operate with very hazardous levels of smoke.
Inasmuch as smoke-free laws often provide for smokefree and smoking sections within hospitality venues, researchers should attempt to observe changes in seating policies when evaluating the impact of legislation. Enforced, 100% smoke-free laws are essential for complete protection of workers and the public.
